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Throughout humanhistory lead and its compounds have known
various applications, ranging fromwater pipes and projectiles to
additives for wines and fuels. Lead was regarded by the ancients
as the father of allmetals and different civilizations used it exten-
sively. It is widespread, easy to extract, dense, highly malleable
and stable to corrosion. However, with more evidence of lead
toxicity and its adverse effects on human health, many of its
applications were discontinued. One of the most notorious is
the rise and decline of tetraethyllead as an antiknocking agent
in gasoline during the 20th century. Once a common additive
to gasoline, tetraethyllead usage was largely discontinued be-
cause of its high toxicity and disadvantageous effects on cata-
lytic converters. Nowadays, lead use is mostly restricted to the
404 A. Aslani et al.manufacture of batteries,metal alloys, glasses, ceramic and radi-
ation shielding materials as well as some pigments and paint
additives. Recently, an increasing interest has emerged in syn-
thesis and study of the properties of lead(II) compounds moti-
vated partly by the necessity of understanding the Pb(II)
binding preferences for the design of selective chelation therapy
agents and remediation of waters and soils. Another topic of
interest is associated with the occurrence in Pb(II) compounds
of a stereochemically active lone pair of electrons (LP, E) and
its effect on the stereochemistry and properties of solid-state lea-
d(II)-containing materials (Aslani et al., 2009; Aslani and Mor-
sali, 2008; Aslani and Oroojpur, 2011; Aslani et al., 2009a;
2008a,b).
Nanoparticles are a class ofmaterials with properties distinc-
tively different from their bulk and molecular counterparts and
ﬁnd use in a variety of different areas, such as electronic, mag-
netic and optoelectronic, biomedical, pharmaceutical, cosmetic,
energy, environmental, catalytic andmaterials applications. Be-
cause of the potential of this technology, there has been a world-
wide increase investment in nanotechnology research and
development. There is a growing interest in the production
and the dispersion of ultra-ﬁne powders. A reduction in particle
size to the nanometer scale results in various special properties,
such as the quantum size effects, the high surface area and the
lower sintering temperature, etc., which is the base to obtain ﬁne
grain size ceramics with advanced properties. Techniques for the
nano-scale particle preparation have been developed in the last
years and can be divided into threemajor classes: chemical, mec-
hano-chemical and thermophysical methods. The chemical
routes are widely used to produce a powder product owing to
the relative simplicity and the low energy consumption. A sur-
factant-free hydrothermal technique (i.e., high-temperature
and high-pressure) has shown to be a suitable way for obtaining
materials with small grain size, high speciﬁc surface areas, and
high crystallinity (Wang and Ying, 1999; Hayashi and Torii,
2002;Oguri et al., 1988;Maira et al., 2000;Ma et al., 2002;Oven-
stone and Yanagisawa, 1999; Yanagisawa and Ovenstone,
1999). Instead of an aqueous system, ethanol, an organic sol-
vent, was chosen for the present study. This solvothermal tech-
nique has recently been introduced to synthesize some ceramic
oxides (Zhang et al., 2003; Kominami et al., 1996a,b; Kang,
2003; Wang et al., 2001; Kominami et al., 1999a,b), including
nanopowders. In spite of the advantages that solvothermal syn-
thesis offers, it did not widely explore the relations between syn-
thetic parameters and physical properties of the obtained
particles (i.e. the ratio of precursors to water in homogeneous
phase (EtOH+ CH2Cl2). In the present work, we developed a
simple solvothermal method to prepare PbX2 nanoparticles,
using Lead(II) halide without any additives. The PbX2 nanopar-
ticles were characterized by X-ray powder diffraction (XRD),
Solid StateUV spectroscopy andSolid State PhotoLuminescent
(PL) spectroscopy. Also the morphology and size of the nano-
particles were observed by Scanning Electron Microscopy
(SEM).Figure 1 (a–f).The XRD images of PbX2 nanoparticles; (a)
sample of PbI2 at bulk size; (b) sample of PbI2 at nanosize
prepared by solvothermal method without any additives; (c)
sample of PbBr2 at bulk size; (d) sample of PbBr2 at nanosize
prepared by solvothermal method without any additives; (e)
sample of PbCl2 at bulk size and (f) sample of PbCl2 at nanosize
prepared by solvothermal method without any additives.2. Experimental
In a typical procedure, 2 mmol of PbX2 was added into 20 ml
of EtOH/CH2Cl2. The mixture was stirred vigorously for
30 min and then sealed in a Teﬂon-lined stainless-steel
autoclave. The tank was heated and maintained at 170 Cfor 12 h, then allowed to cool down to 10 C temperature
rapidly. The product was collected by centrifugation and
Figure 2 The SEM images of PbX2 nanoparticles; (a = PbI2), (b = PbBr2) and (c = PbCl2).
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excessive reactants and by products. Then it was calcinated
under vacuum at 400 C for 2 h. The resulting powder wascollected for further characterization. X-ray powder diffrac-
tion (XRD) measurements were performed using a Philips dif-
fractometer of X’pert Company with mono chromatized Cuka
Table 1 BET surface area results of PbX2 at bulk form and
nanosized. Powder Scale BET surface area (m2 g 1).
Sample Scale BET surface area (m2 g1)
PbI2 Bulk 12.2221
PbI2 Nanometer 128.9247
PbBr2 Bulk 16.3251
PbBr2 Nanometer 198.3614
PbCl2 Bulk 22.9513
PbCl2 Nanometer 201.7162
406 A. Aslani et al.radiation. The particle sizes of selected samples were estimated
using the Sherrer method. BET surface area of the samples
were determined by N2 adsorption–desorption isotherms using
a Surface Area Analyzer (BET, Micromeretics Gemini 2375,
USA), the nitrogen adsorption–desorption isotherms were
measured at 77 K after degassing the samples at 150 C for
2 h. The samples were characterized by a scanning electron
microscope (SEM) (Philips XL 30) with gold coating. The
luminescent properties were investigated using an F-4500 PL
spectrophotometer.
3. Results and discussion
The XRD patterns of typical samples of PbX2 at bulk size and
PbX2 at nanosize prepared by the solvothermal process are
shown in Fig. 1a–f. The obtained patterns matched with
standard patterns of PbX2 (X = I, Br and Cl) at bulk form.
The results of XRD powder patterns indicated that the experi-
mental data are in good agreement with the simulated XRDFigure 3 The EDAX analysis of PbX2 nanoparticles; (a = PbI2),
(b = PbBr2) and (c = PbCl2).powder patterns based on the reference data. Hence this com-
pound was obtained as a mono-phase. The broadening of the
peaks indicated that the particles were at nano-size. Estimated
from the Sherrer formula, D= 0.891k/bcosh, where, D is the
average grain size, k is the X-ray wavelength (0.15405 nm) and
h and b are the diffraction angle and full-width at half maximum
of an observed peak, respectively. The average size of theFigure 4 The solid state electronic absorption of PbX2 at bulk
and nano size.
Figure 5 Solid state photo luminescence spectra of PbX2 at bulk
and nanosize, kexc = 360 nm.
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from the SEM images. The morphology, structure and size of
the samples were investigated by Scanning ElectronMicroscopy
(SEM). Fig. 2a–c indicates that the original morphology of the
particles is approximately spherical with the diameter varying
between 40 and 80 nm. For further demonstration, the EDAX
was performed for the samples. The EDAX spectrum of PbX2
(X = I, Br and Cl) particles at nano-size in Fig. 3a–c shows
the presence of Pb and X (X = Halides) as the only elementary
component.
Table 1 shows that PbI2, PbBr2 and PbCl2 powders in
nanometer scale present higher surface areas than these pow-
ders in bulk form. These results conﬁrm better application per-
formances of nanopowders.
The solid state UV–vis spectra of the compounds (all
PbX2 powders) at bulk size display one absorption wide
band with the maximum intensity of 390 nm (Fig. 4 dot
lines), whereas all products (PbX2 nanoparticles) display
one sharp absorption band with the maximum intensity at
387 nm for PbI2, 385 nm for PbBr2 and 383 nm for PbCl2
(Fig. 4 solid lines). Fig. 5 shows the PL spectra of PbX2
at bulk and nano-size forms (kexc = 360 nm). All PbX2 pow-
ders at bulk size showed a strong and broad emission bond
centered at near 449 nm. When the PbX2 powders at bulk
size were transformed into PbX2 at bulk size, the PL inten-
sity became stronger and sharper. NP-PbX2 (nanoparticles
of PbX2) showed two strong and sharp bonds at near 450
and 472 nm. This result may be explained by the fact that
NP-PbX2 has a better crystallinity in its nanoparticles form
and these emission peaks are virtually the same, indicating
that they are inﬂuenced by the size of particles. As com-
pared with the other methods used for preparing PbX2
nanoparticles. The solvothermal method is very fast and
does not need any additives and surfactants during the
reactions.
4. Conclusions
In conclusion, nanoparticles of Lead(II) halides (NP-PbX2)
can be prepared through a simple, cheap, direct and new
solvothermal methods. BET surface area of nano and bulk
forms of these materials were measured and compared. Fur-
thermore, the PL spectra of bulk and nano-size of PbX2
indicated that the broad band edge emission peak in the
bulk samples were transformed into two peaks in the nano-particles samples as well as the intensity of emissions be-
comes stronger and sharper. Because of the direct effect of
particles size on the PL spectra, this technique can be used
for estimation of particle size in future.Acknowledgments
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